Kingdom of Saudi Arabia (KSA) witnessed a dramatic increase in the prevalence of obesity, diabetes, and metabolic syndrome during the past 2 decades.[@ref1],[@ref2] According to the World Health Organization, cardiovascular diseases and diabetes are responsible for half the deaths among the Saudi population.[@ref3] This epidemic is partially explained by the unhealthy eating behaviors of the Saudis, leading to a higher prevalence of obesity and overweight people and subsequent chronic non-communicable diseases.[@ref4]-[@ref7] Several nutritional investigations were conducted in KSA to measure the eating behavior of Saudis, methods of measuring dietary habits varied between the use of 24-hours dietary recall,[@ref8] food records,[@ref6] and limited questionnaires measuring consumption of selected food items.[@ref9] A study conducted among male school children in Al-Hasa, KSA utilized the Youth and Adolescent Food Frequency Questionnaire to measure eating behavior.[@ref5] However, several food items listed in this questionnaire are not permitted in KSA or are not usually consumed in the country.[@ref10],[@ref11] Several methods are used to measure dietary habits. Dietary recall depends on the ability of individuals to recall food and beverages consumed in a specific period of time, usually the previous 24 hours.[@ref12] When using food records, participants are asked to record their food intake on a daily basis. It does not rely on memory and participants can proactively record their intake of the day.[@ref13] Food Frequency Questionnaires ask the participants how frequently they consume several food items over a fixed time period (usually a year). This method can be self-administered or completed during interviews. This method is more suitable for large-scale epidemiological studies compared with 24-hour food recall or food diaries.[@ref14] Cultural variations exhibited between geographical areas mandated development of food frequency questionnaires suitable for a particular region. For example, there are different food frequency questionnaires developed for European,[@ref15],[@ref16] Asian[@ref17]-[@ref19] and American populations.[@ref20] Food frequency questionnaires developed for Arab nations are limited. Two questionnaires, developed for Lebanese population[@ref21] and Kuwaiti and Emirati populations,[@ref22] were detected. However, there is no validated and reliable food frequency questionnaire specifically created for the Saudi population. The Use of a questionnaire specifically designed for Saudis is necessary to ensure consistency of nutritional epidemiological investigations performed in this population. This study aims to create a food frequency questionnaire specifically designed to capture the nutritional habits of Saudis and to test its validity and reliability.

Methods {#sec1-2}
=======

Study context and participants {#sec2-1}
------------------------------

This investigation is a longitudinal, test-retest study, which involved students from King Saud University (KSU), Riyadh, KSA. The study was conducted between December 2015 and March 2016 and involved university students of both genders and different colleges in the university. Ethical approval to conduct the study was provided by the Ethics Committee in Department of Family and Community Medicine, College of Medicine, KSU. A sample of 130 subjects was estimated to detect a Pearsons's correlation coefficient of 0.25 assuming probability of 5% type 1 error and 90% study power to detect the effect. Providing the longitudinal nature of this study, an attempt to recruit larger sample was made to avoid reduction of sample size caused by attrition. Participants were requested to sign a consent form for approval to participate in the study. Subjects were excluded from this investigation if any prior medical history of conditions that might interfere with average eating behavior was present. These conditions involved Bulimia nervosa, Anorexia nervosa, Binge eating, inflammatory bowel disease, peptic diseases, intestinal motility disorders, cancer, hyperthyroidism and hypothyroidism.

Construction of the food frequency questionnaire {#sec2-2}
------------------------------------------------

The design of the food frequency questionnaire was adopted from the food frequency questionnaire developed by the European Prospective Investigation into Cancer and Nutrition study (EPIC).[@ref23] This design was selected as its validity and reliability was previously tested[@ref24] and it seemed more convenient to complete compared with other observed questionnaires. Similarly, portion sizes were adopted from the EPIC food frequency questionnaire. The constructed questionnaire was developed in the Arabic language. A list of 140 food items was included in the questionnaire where a closed-ended approach was used. Nine answering options were provided for each closed-ended question where consumption frequency choices were stated as the following: never or less than a month, 1-3 per month, once a week, 2-4 per week, 5-6 per week, once a day, 2-3 per day, 4-5 per day, 6+ per day. Open-ended questions were added at the end of the questionnaire to gather information regarding other food items not listed. Questions regarding type of cooking fat, visible fat consumption, consumption of salt and vitamins were added.

Validity and reliability assessment {#sec2-3}
-----------------------------------

Validity of the questionnaire was tested on several levels. Pilot testing of the questionnaire was performed to test the initially compiled food list where 10 male and 10 female participants were recruited to investigate the ability of the respondents to complete the questionnaire, assess clarity of the questionnaire and the need to add or delete food items. Average time needed to fill in the questionnaire was tested during this stage. After the pilot stage, assessment of the questionnaire was conducted in 2 steps. Firstly, participants were requested to complete the self-administered food frequency questionnaire and a qualitative, open-ended 24-hour dietary recall. The dietary recall was performed via interviews where information related to type of food, quantity consumed and time of consumption during the previous 24 hours were recorded. Interviews were conducted via trained medical students and supervised by an expert in nutritional epidemiology. A comparison between findings of the semi-quantitative food frequency questionnaire and the qualitative dietary recall was performed to test the completeness of the food frequency questionnaire list through assessment of its comprehensiveness to capture eating habits of the study participants.

Participants were asked about their weight and height to facilitate calculation of Body mass index which was used to test the validity of the questionnaire. Assessment of BMI as a test of the validity of the questionnaire was based on the assumption that higher consumption frequency of food items rich in carbohydrates and fats might be associated with higher levels of BMI compared with higher consumption of food items with high level of fibres content such as fruits and vegetables. Two tests of reliability were conducted. Firstly, internal consistency was evaluated by Cronbach's alpha test. Secondly, test-retest reliability was assessed via filling the questionnaire twice where the second questionnaire was filled one month after filling the first questionnaire.

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences (IBM Corp, Armonk, NY, USA) version 22. A scoring system was developed to measure food consumption frequency. For example, items which are never or rarely consumed were given a score of zero while items which were consumed more than 6 times on a daily basis were given a score of 9. A sum of consumption frequency scores was calculated for each food category to tests its association with BMI and to test the reproducibility. Frequencies and proportions were calculated to describe binary and categorical variables. Means and standard deviations were calculated to illustrate continuous variables. Univariate regression analysis was performed to test the association between consumption scores and BMI. Pearson correlation coefficients were calculated to test the test-retest reliability of the questionnaire and Cronbach's alpha test was used to assess the internal consistency of the questionnaire. A *p*-value of 0.05 or less was designated as statistically significant for applied statistical tests.

Results {#sec1-3}
=======

A total of 141 participants were approached in this investigation where 3 participants were excluded due to prior medical history of celiac disease and inflammatory bowel disease. **[Table 1](#T1){ref-type="table"}** describes demographic information of the participants. Mean age of the participants was 20.66 years where proportion of male participants was higher (57%). The average BMI of the participants was 25.5 where males had a higher average BMI compared with females. During the pilot stage, participants were able to answer the questionnaire without assistance. Average time spent on completing the questionnaire varied between 15 and 20 minutes. All of the 138 participants were interviewed to complete the 24 hours dietary recall. However, only 77% (107 participants) had their follow up questionnaire completed. The qualitative dietary recall data was compiled to identify food items reported by the participants. Approximately 85% of the food items reported in the dietary recall were covered in the food frequency questionnaire. This indicates a good coverage of the questionnaire and ability to capture average eating behavior of Saudis. **[Table 2](#T2){ref-type="table"}** summarizes the most and least frequently consumed food items in the study within each food category. Most of the participants reported a high frequency of chicken kabsa and white bread consumption. There was also reported a high frequency of food items with high calorific values, such as chocolate, added sugar, and dates. Low fat and low sugar products are not frequently consumed by the study sample, which was apparent on low consumption frequency of low fat dairy products and diet soft drinks. Assessment of the association between consumption of food items within specific food categories and BMI is illustrated in **[Table 3](#T3){ref-type="table"}**. Higher consumption of meats, bread and cereals, sandwiches and burgers, sweets, snacks and drinks were associated with a higher level of BMI. However, only association with meats consumption was statistically significant suggesting higher levels of BMI with increased consumption frequency of meats. Meat products are usually served with rice or bread in KSA, which might provide partial explanation of the association between BMI and meats frequency consumption. Consumption of dairy products, fruit and vegetables was associated with a reduced level of BMI where only dairy product association was statistically significant. The negative association between BMI and frequency of dairy products consumption can be partially explained by the availability of several low fat dairy products and the lower calorific values of several full fat dairy products in comparison with other food items such as sweets and snacks. Although a larger sample size is needed to test the weaker associations, observing a negative association between consumption frequency of dairy products, fruit and vegetables, which have lower calorific values compared with other food items in other categories, indicate a reasonable criterion validity of the current questionnaire.

###### 

Demographic information of the Saudi food frequency development study participants (N=138).
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###### 

Summary of most and least frequently consumed food items reported via a constructed food frequency questionnaire for Saudis (N=138).
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###### 

Univariate regression analysis of body mass index depending on consumption frequency within each food category of 138 Saudi participants who completed a developed Saudi food frequency questionnaire.
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The internal consistency of the questionnaire was high as Cronbach's alpha of the total scale was 0.938. The test-retest reliability of completed questionnaires indicates a high reproducibility of the questionnaire (**[Table 4](#T4){ref-type="table"}**). The overall reproducibility of the questionnaire was 0.78 (*p*\<0.001). Upon investigating reproducibility among food categories, the sweets and snacks section has the highest reproducibility rate and the vegetables section had the lowest rate. When comparing male to female reproducibility rates, it appears that male participants' reproducibility rates were higher, except for drinks and vegetables.

###### 

Test-retest reliability of food consumption frequency of the developed Saudi food frequency questionnaire\*.
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Discussion {#sec1-4}
==========

This study was aiming to create and test the validity and reliability of a food frequency questionnaire suitable for the Saudi population. The participants were able to understand the questions and to complete the questionnaire without difficulties. The completeness of the food list was tested by comparing the semi-quantitative questionnaire to a qualitative dietary recall where 85% of the food items reported in the dietary recall were covered by the food frequency questionnaire. The criterion validity was tested by assessing the association between BMI and consumption frequency where associations with meat and dairy consumption frequency were statistically significant. The questionnaire is highly reproducible where statistically significant correlations between first and second trials were detected. This study can be compared with other studies assessing development of food frequency questionnaires for Kuwaiti and Emirati populations and Lebanese children population. Both studies developed the questionnaire in a manner similar to the current study where the food items list was compared with 24-hour dietary recall to assess completeness of the list. Additionally, the study by Dhegane et al[@ref22] used a similar approach of assigning frequency consumption scores for food categories. However, they did not assess the reliability of the questionnaire.

The number of food items covered in the current food frequency questionnaire reached up to 140 food items. This number was similar to the number of food items listed in other European questionnaires (130 food items)[@ref23] and an Australian questionnaire (129 food items).[@ref25] However, the number of food items used in the Kuwaiti food frequency questionnaire was higher (152 food items).[@ref22] A food frequency questionnaire developed in Shanghai, China was composed of 81 food items where the list covered 86% of the food items reported in the dietary recalls.[@ref17] This might indicate that the length of the food items list is affected by cultural variations between populations.

Most studies that tested validity and reliability of food frequency questionnaires used calorific values or nutrient contents when comparing food frequency questionnaires with other reference methods. The study by Katsouyanni et al[@ref16] tests the validity of a Greek food frequency questionnaire by comparing nutrient intake estimated using the questionnaire to nutrient levels obtained by venous blood and urine samples. Reasonable correlations between the 2 methods were detected. Another study made a comparison between 3-day food diaries and semi-quantitative food frequency questionnaires. Three-day food records were conducted 4 times in a year to detect seasonal variations. The overall average calorific intake calculated was similar in both methods. The Pearson correlation coefficient between the energy intake calculated in both methods was 0.42 after adjusting for gender.[@ref26] Similarly, another study assessed the association between 7-day diary records and food frequency questionnaires and revealed a similar agreement.[@ref27]

This study was able to create a semi-quantitative food frequency questionnaire suitable for the Saudi population and compared its comprehensiveness with the qualitative dietary recall method. This questionnaire has a higher reproducibility rate.

Study limitations {#sec2-5}
-----------------

Major limitations of this investigation are mainly related to the use of reported weight and height of the participants instead of objective measurement. Although this might introduce measurement bias of BMI, studies have reported an acceptable agreement between measured and reported weight and height.[@ref28],[@ref29] This study was not able to estimate calorific intake or nutrient intake based on the answered questionnaire. This is due to the fact that there is currently no Saudi nutritional database available for researchers to facilitate nutritional epidemiological investigations capable of correlating food consumption frequency with energy and nutrient intake.

In conclusion, developed Saudi Food Frequency Questionnaire has a high reproducibility rate. Testing suitability, completeness and criterion validity revealed straightforwardness, comprehensiveness and ability to capture dietary behavior of Saudi subjects. This data collection tool can be suitable for large scale nutritional epidemiological investigations conducted in KSA.
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